A three-dimensional micro-scale model is used to study the effects of various greenery on temperature in a built-up environment. Green design elements like roofs and facades, lawns in courtyards and single trees are studied individually as well as in various combinations. Measures for comparison are temperatures at 2 m height and mean temperatures for the urban atmosphere up to the building height. Different types of greenery can reduce local temperatures up to 15 K during specif c daytime hours. However, this extraordinary effect is restricted to a short time and especially to the direct surroundings, while an impact over larger distances is small. Roof and facade greenery have hardly any inf uence on temperature at the 2 m level but reduce daytime heating of the urban atmosphere to a minor degree, while the relevance of trees is more or less limited to the shadow effect. A signif cant decrease in urban temperatures can be achieved only with a large number of very different individual green elements. The largest effect on the urban atmosphere was simulated for a change in albedo resulting in a temperature decrease of some degrees around noon.
Introduction
A distinct feature of larger urban areas is the heat island effect. Caused by changes in the surface energy budget, temperatures in residential areas occasionally may be more than 10 K warmer than in the countryside (KUTTLER, 2011) . However, this heat island effect depends strongly on meteorological conditions and is most pronounced during calm and cloud free summer nights. A reduced wind speed, caused by a multitude of obstacles, results in higher urban temperatures while the shadow effect of buildings and other structures lower temperature. During a typical summer day meteorological conditions can be unfavourable and thermal comfort is hard to achieve for people living in cities.
In a future climate, when we expect a temperature increase on a global scale of 3-4 K by the end of this century, the biophysical load in urban areas will be amplif ed. In order to ensure a future worth living in, our cities must be adapted to the drawbacks of a changing climate environment. It is well known, that urban greenery offers signif cant potential in moderating the increase of, especially, summer temperatures (GILL et al. 2007; KUTTLER, 2011) . A wide variety of green design elements are available, such as green roofs, green facades, trees or lawns which modify the distribution of meteorological variables in the built-up environment to improve local climate and comfort.
The effects of such green infrastructures can be analyzed by the results of f eld experiments. Such observations have been reported for facades e.g. Another method for understanding the impact of green elements on climate in a built-up area are microscale meteorological models. This type of numerical tool can be used very eff ciently to estimate potential effects of a proposed green initiative on the urban thermal environment at both the planning and design stages. In the last year, the availability of such numerical models for practical applications has increased considerably. A widely used model is ENVI-met (BRUSE and FLEER, 1998; HUTTNER et al., 2008) , a three-dimensional nonhydrostatic model including a simple one-dimensional soil model, a radiative transfer model and a vegetation model. This model has been used to study, for example, the effects of green facades and other green measures on thermal comfort in urban street canyons (Ali-Toudert and Mayer, 2007) or the effects of trees on temperatures in a residential area (FAHMY and SHARPLES, 2009) .
However, other highly sophisticated, state-of-the-art models with a comparable physical framework are available and widely used. ALEXANDRI and JONES (2008) used a two-dimensional micro-scale model to simulate wind and temperature in an urban street canyon for various climates and canyon geometries. In order to study thermal effects of buildings in an urban environment, YONGFENG et al. (2011) included a new developed atmospheric 3D radiation scheme in an existing CFD code known as Code Saturne. A combination of a 3D-CAD system with a radiation and a heat balance model was used by ASAWA et al. (2008) to predict surface temperatures of buildings and outdoor spaces with a high
